r001241 WHAT IS CLAIMED IS: 



4-^ A syst e m for dot e miining the spatial plac e m e nt, including position and 

orientation, of a pluralit>^ of body parts of living b e ings, said body parts acting as individual 
articulat e d e lem e nts of a Idncmatically constrained multi articulat e d structure comprising at least 
two linlcs and at l e ast two r e volute joints, two joints separat e d by a singl e link, said syst e m 
comprising: 

a plurality of position sensing e lements di s pos e d about said articulat e d s tructur e , wher e in 
at least on e of said links do e s not include an affix e d position s e nsing elem e nt, wh e r e in said 
position - sensing e l e m e nt s e ither ar e a transmitt e r which transmits a s ignal or a r e ceiver which 
rec e iv e s said signal, wh e rein said position s e nsing el e m e nts ar e dispos e d in juxtaposition to linlcs 
to provid e m e asured links; 

optionally a position s e nsing e l e m e nt attached to a refer e nce location; 

wh e r e in said position sensing e lements includ e at l e ast on e transmitter and at least on e 
rec e iver; 

an analog data proc e ssing m e ans for driving said transmitters to produc e said signal and 
amplifying and digitizing said signals received by said receivers; 

a digital data processing m e ans utilizing said digitiz e d signals for calculating th e spatial 
placement of said position s e nsing elements; 

means for d e t e rmining the spatial placem e nt of all of the articulated e lem e nts of said 
linlcs utilizing the spatial placement of said measur e d linlcs as d e t e rmin e d from said digital data 
proc e ssing m e ans and th e kin e matic constraints of th e multi articulat e d e l e m e nts of said system. 

3r, A system for d e termining th e spatial plac e m e nt; including position and 

ori e ntation, of a plurality of body parts of living beings, said body parts acting as individual 
articulat e d e lements of a kin e matically con s train e d multi articulated structure comprising at l e ast 
thr ee linlcs and at l e ast three revolute joints, two joints separat e d by a singl e link, s aid syst e m 
comprising: 

a plurality of s e nsing e l e m e nts consisting of position s e nsing e l e m e nts and singl e joint 
position . s e nsors dispos e d about said articulat e d structure, wh e r e in at l e ast one of said links do e s 
not includ e an affix e d s e nsing e l e m e nt wher e in said position s e nsing e l e m e nts e ith e r us e a 
transmitt e r which transmits a first signal or a receiv e r which r e ceives said first signal, wh e r e in 
said position s e nsing e l e m e nts are dispos e d in juxtaposition to links to provid e measur e d links, 
wher e in e ach said singl e joint position se nsor is a goniom e ter which produces, a second signal, 
wh e rein said goniom e t e rs ar e dispos e d in juxtaposition to revolut e joint s ; 

optionally a position - sensing e l e m e nt attached to a refer e nce location, 

wh e r e in said po s ition s e n s ing e l e m e nts includ e at l e ast one transmitt e r and at least on e 
r e c e iv e r; 
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an analog data processing means for driving said transmitters and amplifying and 
digitizing said first signals rec e ived by said r e c e iv e rs and for digitizing said second signal s from 
said goniometers; 

a digital data proc e ssing means utilizing said digitiz e d signals for calculating th e spatial 
placement of said s e nsing e lements; 

m e ans for det e miining the s patial placement of all of th e articulated e lem e nts of said 
linlcs utilizing th e spatial placement of said measur e d links as detennined from said digital data 
processing mean s and th e kin e matic constraints of th e articulated e l e m e nts of said syst e m. 

^1 A syst e m for d e termining the spatial placement, including position and 

orientation, of individual articulated e lements comprising joints and link s of the hand and wrist, 
said system comprising: 

a plurality of sensing e lement s , consisting of position sensing elements and goniomet e rs, 
disposed about said hand and \vrist,> wherein at least one of said links does not includ e an affixed 
s e nsing el e m e nt, wherein said position - se nsing elements either are a transmitter which transmits 
a signal or a rec e iver which receives said signal wherein said sensing e lem e nts are disposed in 
rigid juxtaposition to links to provide measured links consisting of the combinations of A and B: 

A is one of (1) the fingertips of the fingers and the thumb, or (2) the medial phalang e s of 
th e four fmgers and the proximal phalanx of the thumb and goniometers ov e r th e distal 
interphalang e al joints or combinations .thereof; and 

B is one of (3) th e dorsal sid e of th e metacarpus and the forearm in proximity to th e wri s t 
or (1) one of (i) the .dorsal side of the m e tacarpus and (ii) th e forearm in proximity to th e wrist, 
with two goniometer el e m e nts positioned on said wrist, wh e rein on e of said goniom e t e rs 
measures floxion/oxt e nsion and th e oth e r m e asur es abduction/adduction; 

optionally a position sensing element attached to a reference location, 

wh e rein said position s e nsing elem e nts include at least one transmitter and at least one 
receiver; 

an analog data processing m e ans for driving said transmitters to produc e said signal, 
amplifying and digitizing s aid signals received by said r e c e iv e rs and received by said analog data 
processing means from said goniometer e l e m e nts; 

a digital data proc e ssing m e ans utilizing said digitized signals for calculating th e spatial 
placem e nt of said s e nsing e l e m e nts; 

means for d e t e rmining th e spatial placement of all of th e articulat e d e l e m e nts of said 
hand and wrist utilizing the spatial placem e nt of said m e asur e d linlcs as determined from said 
digital data processing m e an s and the kinematic constraints th e articulat e d e lement s of said hand 
and of wrist. 
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4-. A system according to Claim 3, wher e in at least one of said position sensors is on 

the m e dial phalanx of a first fing e r of on e of th e four fing e rs; and 

furth e r including a goniom e ter disposed on th e distal int e rphalang e al joint of said first 

fing e r. 

A system for d e termining th e spatial — placem e nt, — including position and 

ori e ntation, of individual articulated el e ments comprising joint s and links of th e hand and wrist, 
said system comprising: 

a plurality of position s e nsing elements dispos e d about said hand and wrist, wh e r e in at 
l e ast on e of said linlcs do e s not includ e an affixed s e nsing e lem e nt, wherein said position sensing 
e l e ments e ith e r ar e a transmitter which transmits a signal or a r e ceiv e r which r e c e iv e s said signal, 
wh e r e in said s e nsing e l e m e nts ar e disposed in rigid juxtaposition to linlcs to provid e m e asured 
links con s isting of: (1) the fing e rtips of th e fingers and th e thumb, or (2) th e m e dial phalanges of 
th e four fing e rs and th e proximal phalanx of the thumb; the dorsal sid e of the m e tacarpus, the 
for e arm in proximity to th e wrist; 

optionally a sensing e l e m e nt attached to a referenc e location, 

wh e r e in said s e nsing el e m e nts includ e at least on e transmitt e r and at least one r e c e iv e r; 

an analog data proc e ssing means for driving said transmitters to produce said signal and 
amplifiing and digitizing said s ignals rec e ived by said receivers; 

a digital data proc e ssing m e ans utilizing said digitiz e d signals for calculating the spatial 
placem e nt of said s e nsing e lem e nts; 

m e ans for d e t e rmining th e spatial plac e m e nt of all of the articulat e d e l e ments of said 
hand and wrist utilizing th e spatial placement of said measured linlcs as d e termined from said 
digital data proc e ssing m e ans and th e kin e matic constraints of the articulat e d el e m e nts of said 
hand and wrist, 

&i A syst e m for d e termining th e s patial placem e nt, including position and 

orientation, of individual articulated e l e m e nts compri s ing joint s and links of th e hand and wrist, 
said syst e m comprising: 

a plurality of s e nsing e lem e nts consisting of position s e nsing el e m e nts and goniom e t e rs 
disposed about said hand and wrist, wh e r e in at l e ast on e of said linlcs do e s not includ e an affixed 
s e nsing e l e ment, wh e r e in said position -se nsing e l e m e nts either ar e a transmitt e r which transmits 
a signal or a r e c e iv e r which r e ceiv e s said signal, wh e rein said , s e nsing elem e nts ar e dispos e d in 
rigid juxtaposition to links to provid e m e asur e d linlcs consisting of: — (1) th e fingertips of th e 
fing e rs and th e thumb, or (2) th e m e dial phalanges of th e four fingers and the proximal phalanx 
of th e thumb; and (3) th e dorsal s ide of th e m e tacarpus or (4) th e for e arm in proximity to the 
v i Tist; 

optionally a position s e nsing e l e m e nt attach e d to a ref e r e nc e location. 
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wh e r e in said position sensing el e ments includ e at least ono transmitt e r and at least ono 
r e c e iv e r; 

two goniom e t e rs position e d on said wrist, wherein ono of said goniometers m e asures 
flexion/ e xt e nsion and th e oth e r measures abduction/adduction; 

an analog data proc e ssing m e ans for driving said transmitters to produc e , said signal, 
amplifying and digitizing s aid s ignals receiv e d by said r e c e iv e rs and r e c e iv e d by said analog data 
proc e ssing m e ans from said goniom e ter e lem e nts; 

a digital data proc e ssing m e ans utilizing said digitiz e d signals for calculating th e spatial 
placement of said s e nsing e lem e nts; 

m e ans for det e rmining the spatial plac e ment of all of th e articulat e d e l e m e nts of said 
hand and wrist utilizing th e spatial placem e nt of said measured links as d e t e rmined from said 
digital data proc e ssing m e ans and th e kin e matic constraints of the articulated e lem e nts of said 
hand and wrist. 

A system according to Claim 6, wh e r e in at l e ast on e of said position sensors is on 

th e medial phalanx of a first finger of on e of the four fing e rs; and 

furth e r including a goniometer disposed on th e distal int e rphalang e al joint of said first 

fing e r. 

A system for d e t e miining th e spatial placement, — including position — and 

ori e ntation, of individual articulat e d e l e m e nts comprising joints and links of the hand and wrist, 
said syst e m compri s ing: 

a plurality of position s e nsing el e m e nts, disposed about said hand and wrist, wh e r e in at 
l e ast on e of s aid linlcs does not includ e ' an affix e d s e nsing e l e m e nt, wh e r e in said position - 
s e nsing e l e m e nts either ar e a transmitter which transmits a signal or a receiv e r which rec e ives 
said signal, wh e r e in said, s e nsing e lem e nts are dispos e d in rigid juxtaposition to links to provid e 
m e asur e d linlcs consisting of th e combinations of A and B: 

A is on e of (1) th e fingertips of th e fing e rs and th e thumb, or (2) th e medial phalanges of 
th e four fingers and th e proximal phalanx of th e thumb and goniometers ov e r the distal 
interphalang e al joints or combinations th e r e of; and 

B is on e of (3) the dorsal sid e of the m e tacarpus and th e for e arm in proximity to th e wrist 
or (4) on e of (i) th e dorsal sid e of th e m e tacarpu s and (ii) th e for e arm in proximity to th e wrist, 
with two goniom e t e r elem e nts position e d on said wxist, wh e rein on e of said goniom e t e rs 
measures fl e xion/ e xt e n s ion and th e oth e r m e asur e s abduction/adduction; 

optionally a position s e nsing elem e nt attach e d to a r e f e r e nce location, 

wh e r e in said position s e nsing e l e m e nts includ e at l e ast on e transmitt e r and at least on e 
r e c e iv e r; 
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an analog data processing means for driving s aid transmitt e rs to produc e said signal, 
amplifying and digitizing s aid signals receiv e d by said r e c e iv e rs and r e c e iv e d by said analog data 
processing m e ans from said goniom e ter elem e nts; 

a digital data proc e ssing m e an s utilizing said digitiz e d signal s for calculating th e spatial 
placement of said sensing elem e nts; 

m e ans for det e rmining th e s patial plac e m e nt of all of th e articulat e d el e m e nts of said 
hand and v/rist utilizing th e spatial placem e nt of said measured linlc s as determined from said 
digital data proc e ssing means and th e kinematic constraints of the articulated el e m e nts of said 
hand and wrist. 
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DETERMI>JATION OF KD^JEMATICALLY CONSTRAINED 
MULTI ARTICULATED STRUCTURES 
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